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ABSTRACT

In this paper we discuss the technical requirements for
communication solution to build the access networks of
smart grid applications, and we analyse the deployment of
the ICT infrastructure. For the investigations in this paper
we focus on the high-speed narrowband Power Line
Communications (PLC). First, we discuss the quality of
service requirement imposed by the mostly used application
for the distribution grid. Then, we give an overview about
the current PLC implementations in Europe. The PLC
deployment architecture is described, with the role of
different PLC systems. After that, the deployment of PLC
networks is discussed; covering network design, cost
modelling and tool to assess different technology scenarios.

INTRODUCTION

Deliver higher levels of supply reliability and security,
reduce the environmental impact of the whole electricity
supply system, provide consumers with greater information
and choice of supply, allow consumers to play a part in
optimising the operation of the system, etc. The realization
of such future smart grid can be built only on the basis of a
modern communications and information infrastructure; as
depicted in Fig. 1.
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Fig. 1. Communications infrastructure in smart grid (Source: EPRI)

The important question facing utilities is “Which
technology is the best one?”. The correct answer to this
question is typically: “it depends!”. In fact, there is no
communications technology that is optimal for all scenarios.
Therefore, an assessment of the candidate technologies has
to be done, by taking into considerations the smart grid
applications to be implemented, the quality of service (QoS)
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requirements, the reliability, security, and of course the
deployment costs. In this paper we discuss the
communications available for the smart grid application on
power distribution networks. We focus on Power Line
Communications (PLC), which could build an almost ideal
solution for power utilities, in spite of some weaknesses
concern the system reliability. After discussing the
application requirements and the different available
solution, issues and challenges related to the deployment of
PLC networks are analysed, namely the network design and
the modelling of deployment costs. An assessments tool,
which helps utilities to evaluate different communications
scenarios according to their use case, is described.

SMART GRID COMMUNICATIONS

Key Requirements

Before designing a communications network, it is important
to analyse the applications that will use this infrastructure.
The applications should give the level of required quality of
service (QoS) in terms of required capacity, tyre of traffic,
maximal delay, etc. According to [1] and [2], there are
twelve key application services for automating the MV and
LV distribution grid; which QoS requirements are in
TABLE 1., (with P: periodic, C: continuous, R: random and
var.: variable; AMR/AMM: Automatic Meter Reading/
Advanced Metering Management).

TABLE I. QOS REQUIREMENTS FOR AUTOMATING LV/MV ([1])
oD o
zz |55 « | &
55 |e|fg u x
S |53 E
Applications == =
1- Tele-control 9,6 R | 05 NA 1
2- Tele-control (Fault detection)| 9,6 | R | NA NA 15
3- Operational Telephony 8 R|] 05| 100E-03 15
4- Corporative applicationaccess| 2000 | R | 1 1,00 E-05 NA
5- Video surveillance 256 |c| 1 1,00 E-04 NA
6- Video supervision 64 P | NA | 1,00E-04 NA
7- A_Ia_rm Management (Temp., 96 |r| 30 NA 15
humidity, gas, etc.)
8- Tele-me_asurement. Product; 96 o | na NA NA
Power quality
9- Protection Tele-measurement.| 64 RI 1 1,00 E-05 NA
10-  Operation/  supervision var. el 1 1,00 E-04 NA
telecom network
11- AMR/AMM var. | P | NA NA NA
12- Load Management, DSM 2000 | P 1 NA 1
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The bit rate for "Operation/ supervision teleconwuek"
depends on the number of communications compoagedts
the operation and supervision purposes. Capacitadd

for AMR/AMM depends on reading frequency and number
of meters per transformer station.

Communications Technologies

There are different technologies that can be usesinart
grid communications, e.g. Digital Subscriber LilS(),
wireless cellular, narrowband/broadband PLC, RFhmes
satellite, etc. It is usually impossible to statettone
technology is an “absolute best” solution, becathse
solution quality depends on several factors, sush a
deployment environment (rural or urban regiong)etpf
applications, QoS requirements, Service level Agerd
(SLA), wave propagation characteristics/coveragssts;
etc. Generally, each solution has advantages amebdrcks.
For example, the optical fibre solves almost athtecal
problems related to QoS, but has high costs. Inlake
years, Power line Communication (PLC) is becomimyg f
utilities an interesting solution, especially witew PLC
systems that are overcoming problems related i@bitty
and low bitrates. Therefore, PLC will prove to hawe
leading position in deployment of AMR massive ratland
pilot projects in Europe. Overview about PLC inremtly
installed AMR/AMM deployments is given in TABLE II.

TABLE II. PLCIN AMR DEPLOYMENT (SOURCE [3])
Country Ent_jpoints % of installed
[millions] AMM base

Italy 99%
Sweden 3 58%
Finland 15 52%
Denmark 1.3 79%
France 0.3 Pilot

Spain 0.2 Rollout starting
Norway 0.15 76%

Selection of Optimal Technology

For the selection of one communication technolagytie
smart grid applications different factors must deen into
consideration. The main factors include (Fig. 2. ):

- Applications: this generates the traffic which skobe
transported through the networks. The applicatiafine
the traffic volume, the required QoS.

- Regulatory: this regulates the use of the infrastme and
the stranded allowed in their territory. For exaepmthen
design a wireless networks, only a very limitedcspenm
slots are available. Furthermore, the use of tladlable
frequencies will be allowed only after purchasitigense
from the regulatory authorities

- Costs: the communication network to be built should
fulfill the requirement for the applications withimimum
costs; considering CAPEX (for hardware/software
purchasing and deployment) as well as OPEX (from
operation and maintenance).
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Fig. 2. Factors influencing technology selection for snggid ([4])

PLC OVER DISTRIBUTION NETWORK

Network Architecture

Generally, PLC over the distribution grid can be
implemented according to three scenarios; [1]:

1) PLC over the MV distribution network only; whetrés
technology could be used as the main or redundant
communication channel for applications like SCADRe0
surveillance, metering and others. In case PL@pdied in
coexistence with other communication technologtesi|l
increase the overall reliability.

2) PLC only over the LV distribution network. Insma
where the MV and LV networks are owned by different
utilities or where the MV network is already highly
automated, utilities may choose to rollout PLC olgr
network only. This means that each LV network hl/e a
PLC Access Point, which has to be connected teghdce
centre. Therefore, other communication network [jpudr
private) has to be used, e.g. public or privatelsss, etc.

3) PLC over MV and LV network, which is combinatioh
the two previous scenarios, as shown in Fig. 3.
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Fig. 3. Example of Conceptual PLC architecture (Source: [1])

Paper No 1350



